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(S) Tumor tissue characterization apparatus and method. 

(§?) An instrument for characterizing tumor tissue 
includes a broad-band light source (10), a 
monochromator (12) for filtering collimated 
light from the broad-band light source, a scan- 
ner for scanning the monochromator through a 
range of predetermined wavelengths, and a 
hollow needle (20) including a shaft (30) with a 
tip (32) on one end and a base (34) on the other 
end. An optical fiber (14) is positioned within 
the hollow needle for delivering light from the 
monochromator through the tip to a desired 
tissue region. A photodiode (24) is mounted in 
the shaft and has a light sensitive surface facing 
outward from the shaft for detecting back- 
scattered light from the tissue region. The back- 
scattered light detected by the photodiode is 
monitored by a computer (36) which records the 
optical absorption spectrum of light back- 
scattered from the tissue region at discrete 
locations in the tissue as the needle is inserted 
or withdrawn through the mammographically 
abnormal tissue. 
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BACKGROUND OF THE INVENTION 

Fietd of the Invention 

This invention relates generally to an instrument 
for diagnosing cancer, and, more particularly, to a hol- 
low needle, including a fiber optic illuminator and a 
photodiode, for insertion into breast tissue to detect 
and analyze shifts in hemoglobin oxygenation. 

Description of the Related Art 

In a conventional procedure, a radiologist per- 
forms x-ray mammography. If an abnormal breast 
process recorded on the resulting mammograms is 
considered suspicious, a surgical biopsy can be or- 
dered. Immediately prior to the biopsy, the radiologist 
takes several more views or projections of the breast 
during preoperative localization of the abnormality 
and marks the location of the suspicious abnormality 
by impaling the region with a thin, hooked guide wire. 
The patient is then taken to an operating room and a 
surgeon performing the biopsy follows the hooked 
wire guide to the precise location of the suspected ab- 
normality. The most common form of biopsy involves 
surgically removing the suspected region. One of the 
less invasive forms of biopsy, stereotactic fine needle 
aspiration biopsy, aspirates a small amount of cells 
for cytologic analysis. The advantages of this techni- 
que are that it is minimally invasive, is accurate to less 
than 2 mm in lesion localization, has a sensitivity 
greater than 90%, and is less expensive than surgical 
biopsies. But since small (22 gauge) needles are 
used, cytology on the small amount of material re- 
moved is not easy. Far more accurate is large-core 
needle biopsy (using stereotactic positioning or ultra- 
sound guidance), another alternative to surgical biop- 
sy. Core biopsies remove a 1 mm x 17 mm core of tis- 
sue (if a 14 gauge needle is used) for standard histo- 
logical examination. However, benign histological di- 
agnoses are difficult to make. In fact, for both fine 
needle aspiration biopsy and core biopsy, the techni- 
ques are only useful when they return a positive re- 
sult for malignancy. In all other cases, the suspicious 
lesion must undergo incisional or excisional surgical 
biopsy. 

False negatives in analyzing an x-ray mammo- 
gram occur when benign tumors or "normal" breast 
tissue with radiological densities similar to cancer 
completely or partially mask a malignant tumor which 
does not exhibit primary or secondary mammograph- 
ic signs of carcinoma. False positives are also prob- 
lematic because they reduce the acceptability of 
mammography by the general public and lead to un- 
necessary biopsies. 

Attempts have been made to use fibers to study 
biochemical and hemodynamic processes in tissues 
and to determine tissue type by using multiple fibers, 



one to deliver light and another to measure returning 
light For exampl , see K.H. Frank et al., The Erlan- 
gen micro-lightguid spectrophotometer EMPHO I," 
Phys. Med. Biol., vol. 34, No. 12, 1883-1900 (1989), 

5 Sung Chul Ji et al., "Micro-light guides: a n w method 
for measuring tissue fluorescence and reflectance," 
American Journal of Physiology, vol. 236, C144-56 
(March 1979); Kimizo Ono et a!., "Fiber optic reflec- 
tance spectrophotometry system for in vivo tissue di- 

10 agnosis," Applied Optics, vol. 30, no. 1 , 98-105 (Jan- 
uary 1, 1991); and Irving J. Bigio et al., The Optical 
Biopsy System," Los Alamos National Laboratory, In- 
formation Document (March 1992). 

The optical absorption properties of malignant 

15 tissue differ in identifiable ways from those of normal 
and benign tissue, as described in F.A. Marks, "Opti- 
cal determination of the hemoglobin oxygenation 
state of breast biopsies and human breast cancer xe- 
nographs in nude mice", SPIE Proceedings vol. 1641, 

20 227-37 (January 1 992). It would be useful to have an 
arrangement which measures optical absorption 
properties and has sufficient light detection capacity 
to perform a spectrum analysis in real time. 

25 SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to pro- 
vide a minimally invasive means for obtaining an in- 
dependent confirmation that mammographic abnor- 
30 malities are benign or malignant with increased accu- 
racy in regions where a radiographic mammogram 
has indicated the presence of suspicious breast proc- 
esses. 

Another object of the invention is to provide a 
35 needle-like instrument that can be inserted by a radi- 
ologist into a breast tissue region that is suspected of 
harboring an abnormal breast process and can yield 
diagnostically significant information about that tis- 
sue. 

40 Briefly, according to a preferred embodiment of 

the invention, a tissue diagnostic instrument compris- 
es a needle having a hollow shaft, a tip on one end of 
the shaft, a notch in the hollow shaft near the tip of 
the shaft, and a base on the other end of the shaft 
45 An optical fiber is positioned within the hollow needle 
for delivering light of varying wavelengths in a prede- 
termined range to a desired region of tissue through 
the tip. A photodetector with rod-like geometry is 
mounted in the notch of the shaft and has a light sen- 
se sitive surface facing outward from the shaft for de- 
tecting back-scattered light from the desired region of 
tissue. 

According to another preferred embodiment of 
the invention, an instrument for characterizing tumor 
55 tissue comprises a broad-band light source, a mono- 
chromator for filtering light from the broad-band light 
source, means for scanning the monochromator 
through a range of predetermined wavelengths, and 
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a hollow needle including a shaft with a tip on one end 
of the shaft, a notch in the hollow shaft near the tip of 
the shaft, and a base on the other end of the shaft A 
fiber is positioned within the hollow needle for deliv- 
ering light from the monochromator through the tip to 5 
a desired region of the tissue. A photodiode with rod- 
like geometry is mounted in the notch of the shaft and 
has a light sensitive surface facing outward from the 
shaft for detecting back-scattered light from the illu- 
minated region of the tissue. Means are provided for 1 o 
monitoring the back-scattered light detected by the 
photodiode and determining the spectral characteris- 
tics of the back-scattered light. 

According to another preferred embodiment of 
the invention, a method for characterizing suspected 15 
mammographic abnormalities comprises inserting 
into a region of the abnormal tissue a needle having 
a hollow shaft including a fiber positioned within the 
shaft and a photodiode mounted in the shaft having 
a light sensitive surface facing outward from the 20 
shaft. Light of varying wavelengths is supplied to the 
fiber. Back-scattered light from the region is detected 
by the photodiode. The detected back-scattered light 
is monitored and the spectral characteristics of the 
back-scattered light are determined. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel 
are setforth with particularity in the appended claims. 30 
The invention itself, however, both as to organization 
and method of operation, together with further ob- 
jects and advantages thereof, may best be under- 
stood by reference to the following description taken 
in conjunction with the accompanying drawings, 35 
where like numerals represent like components, in 
which: 

FIG. 1 is a schematic diagram of the diagnostic 
instrument of the invention; 

FIG. 2 is a perspective view of one embodiment 40 
of the needle of the diagnostic instrument shown 
in FIG. 1; 

FIG. 3 is a sectional side view of one embodiment 
of the photodiode mount of the diagnostic instru- 
ment shown in FIG. 2; and 45 
FIG. 4 is a perspective view of another embodi- 
ment of the needle of the diagnostic instrument 
shown in FIG. 1. 

DETAILED DESCRIPTION OF A PREFERRED 50 
EMBODIMENT OF THE INVENTION 

In the apparatus shown in FIGs. 1 and 2, colli mat- 
ed light from an intense light source 10 is filtered by 
a monochromator 1 2 and focused on a fiber entrance 55 
1 6 of an optical fiber 14 that is threaded down a shaft 
30 of a hollow needle 20 having a photodiode 24. A 
computer 36 evaluates the light entering a test region 



and back-scattered light detected by photodiode 24 to 
characterize tissue in the test region. 

Light source 10 is preferably a bright illuminator, 
such as a high pressure arc lamp or similar broad- 
band light source. Examples of appropriate light 
sources are a xenon arc lamp and a quartz tungsten- 
halogen lamp equipped with high efficiency light col- 
lection optics, as supplied by, for example, by Oriel 
Corp., Stratford, CTor Ealing Electro-optics Inc., Hol- 
liston, MA. 

Monochromator 12 filters colli mated light from 
light source 10 and is scanned repetitively by a scan- 
ner drive (which may be part of computer 36, as 
shown) over the wavelength region that differentiates 
oxyhemoglobin from deoxyhemoglobin. Alternative 
methods of obtaining a spectrum of wavelengths in- 
clude using a tunable dye laser and placing a plurality 
of filters, such as a motorized filter wheel, in front of 
a broad-band light source. 

The wavelength region that includes the visible 
hemoglobin spectral bands is 340 - 700 nm. The Soret 
absorption band of hemoglobin appears at 416 nm for 
oxyhemoglobin and at 431 nm for deoxyhemoglobin. 
The alpha and beta absorption bands appear at 577 
and 542 nm respectively for oxyhemoglobin and as a 
single peak at 555 nm for deoxyhemoglobin. Other di- 
agnostically significant spectral regions, such as, for 
example, the infrared hemoglobin spectral bands in 
the 700-1 000 nm region (where a peak at 760 nm sig- 
nifies deoxyhemoglobin), can be used, if desired. 
One choice of a sufficient sampling bandwidth range 
is 2 nm. 

Needle 20 preferably comprises a modified soft 
tissue thin wall biopsy needle, and, for example, can 
be a stainless steel needle having a length of 5.5 in- 
ches (or any length greater than the depth of the le- 
sion) from tip to base and diameter of 0.62 mm con- 
sistent with a 22 gauge Westcott biopsy needle. This 
type of needle is available from Becton-Dickinson, a 
division of Becton-Dickinson & Company, Rutherford, 
N J. Needle 20 has a shaft 30 with a tip 32 at one end, 
a notch 21 in shaft 30, and a base 34 at the other end. 
Preferably tip 32 is cut at an angle consistent with 
commercially available biopsy needles for easy inser- 
tion into the tissue. Needle 20 is designed for inser- 
tion either by itself or through a 20 gauge ultra thin 
wall introducer needle (not shown) into a test region, 
shown as tissue of a breast 22 immobilized by com- 
pression plates 28. The needle typically has a hub 
(not shown) for ease of manipulation. 

Optical fiber 1 4 is a multi-mode fiber having a fib- 
er entrance 16 on which collimated light emerging 
from monochromator 12 is focused. Fiber 14 is 
threaded through base 34 of needle 20 and has a fiber 
exit 18, preferably polished, which is situated close to 
and preferably flush with needle tip 32. Fiber 14 pre- 
ferably comprises a fused silica core (capable of 
transmitting light of wavelengths in the range of 340- 
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1000 microns) with suitable cladding, such as silica, 
and is of a diameter of approximately 200 microns. 
Light travelling through fiber 14 emerges from fiber 
exit 18 and illuminates suspected tissue, resulting in 
subsequent absorption and scattering of the light by 
the tissue. 

A photodetector, shown as photodiode 24, is 
mounted on needle shaft 30 and has an optically sen- 
sitive surface facing outward from shaft 30 so as to 
be exposed to back-scattered light from tissue 22. 
Photodiode 24 is mounted in notch 21 which is near 
needle tip 32, preferably a few millimeters, such as 2- 
8 mm, for example, from needle tip 32. 

One method of mounting a photodiode is illustrat- 
ed in the embodiment of FIG. 3. Photodiode 24 is in- 
serted into a notch 21 in a side of needle 20 already 
having a fiber 14. Photodiode leads 26 are wire bond- 
ed to the photodiode and are fed down the shaft of the 
needle. The hole is filled and the photodiode is cov- 
ered with clear epoxy 23 which is then set and polish- 
ed until the epoxy is flush with the needle. 

In a preferred embodiment, photodiode 24 is long 
and thin so that its geometry conforms to that of nee- 
dle 20, and thus an increased active area of the pho- 
todiode is achieved without changing the diameter of 
needle shaft that is required to hold the photodiode. 
The photodiode can be 200 microns wide and have a 
length such that the pathlength differences of detect- 
ed photons of the same wavelength is less than the 
spatial resolution required for adequate diagnosis. 
Use of a photodiode, as opposed to an optical fiber, 
provides a larger light collection area and an increase 
in the acceptance angle of the detector, thus improv- 
ing sensitivity and signal-to- noise ratio for the instru- 
ment If desired, a plurality of photodiodes can be 
used for collecting a greater portion of the back- 
scattered light 

Computer 36 receives data from photodiode 24 
through photodiode leads 26. If monochromator 12 
does not have its own scanner drive, computer 36 
functions as a scanner drive. Regardless of whether 
the computer drives the scanner, the computer is cou- 
pled to the monochromator so that the computer re- 
ceives data relating to which wavelength of light is be- 
ing used at a particular instant in time. Computer 36 
uses data relating to light entering the system through 
fiber 14 and back-scattered light being detected by 
photodiode 24 to record wavelength and amplitudes 
of significant peaks of the absorption spectrum of the 
back-scattered light. 

In this way, tissue 22 can be continually moni- 
tored as needle 20 is being inserted or withdrawn, and 
real time processing is achieved. If a profound shift 
in tissue oxygenation occurs from normal saturation 
levels to nearly unsaturated hemoglobin, then the tu- 
mor tissue can be diagnosed as having a high prob- 
ability of malignancy. If there is no shift, the lesion 
can be diagnosed as benign. This evaluation is based 



on the fact that absorption properties for malignant 
tissue differ in that a higher fraction of de-oxygenated 
blood can be found in the tissue of a malignant tumor. 
This deoxyge nation can be caused by high metabolic 

5 rates and by the relatively d isorganized state of blood 
vessels, both structurally and in terms of heterogene- 
ous microcirculation, in and around a tumor. 

Certain spectral bands are of particular signifi- 
cance when evaluating blood oxygenation. For exam- 

10 pie, the Soret band is red-shifted as blood becomes 
deoxygenated. An absorption peak is red-shifted 
when the position of its maximum or centroid moves 
towards the long wavelength end of the visible spec- 
trum in response to a stimulus, and an absorption 

15 peak is blue-shifted when the peak shifts in position 
on the wavelength scale towards the short wave- 
length end of the visible spectrum. Thus, rather than 
being at a wavelength of 416 nm, the wavelength of 
the Soret band peak moves closer to 431 nm as the 

20 needle moves into a tumor containing a high fraction 
of deoxygenated hemoglobin. Additionally, the alpha 
and beta peaks (at wavelengths of 577 and 542 nm 
respectively) of oxyhemoglobin merge into a single 
band at a wavelength of 555 nm as oxygen is reduced. 

25 The existence of an absorption peak at 760 nm also 
denotes presence of deoxy hemoglobin. 

A radiologist can thus identify the tissue type 
(malignant or benign) of the tumor by inserting the 
needle into the tissue and comparing the spectrum 

30 when the needle is outside the suspected region with 
the spectrum when the needle is inside the suspected 
region. 

In one embodiment, an initial mammogram is ob- 
tained using a fenestrated compression plate, and the 

35 position of the lesion or abnormal region is marked in 
x and y coordinates. An introducer needle of appropri- 
ate length is inserted through a window in the com- 
pression plate over the marked spot deep into the tis- 
sue so that its tip passes beyond the suspected re- 

40 gion. The breast is uncompressed slowly and recom- 
pressed in an orthogonal projection. Other mammo- 
grams are taken to ensure that the introducer needle 
is positioned so that its tip is approximately 1 cm be- 
yond the lesion. The tissue diagnostic instrument is 

45 inserted through the introducer needle to the same 
depth within the breast as the introducer needle. The 
introducer needle is removed and, with the breast still 
under compression, the tissue diagnostic instrument 
is withdrawn in steps of several mm. At each step, an 

so optical absorption spectrum is recorded. 

FIG. 4 is a perspective view of another embodi- 
ment of the needle of the diagnostic instrument 
shown in FIG. 1, designed to increase the signal-to- 
noise ratio of the instrument This embodiment is sim- 

55 ilar to the embodiment of FIG. 2, except for the meth- 
od of mounting the photodiode or photodiodes in nee- 
dle shaft 30. In this embodiment, shaft 30 includes 
three portions. Tip portion 20a and base portion 20b 
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are situated on opposite ends of a hollow cylinder 38 
which has a diameter substantially equal to the diam- 
eter of the tip and base portions and comprises an 
optically transparent material. The three portions are 
brazed together before fiber 1 4 is inserted. Within hol- 
low cylinder 38, a plurality n of long, thin, planar pho- 
todiodes 24a, 24b,..., 24n are arranged in a polygon 
around the perimeter and electronically linked so as 
to provide the sum intensity of all back-scattered light 
incident on the cylinder from up to An steradians. 

Needle shaft 30 must be structurally strong 
enough to allow for insertion into breast tissue. Thus, 
either the photodiodes will have strong substrates, 
such as metal, or the hollow cylinder will comprise a 
very strong material, such as sapphire. 

While only certain preferred features of the inven- 
tion have been illustrated and described herein, many 
modifications and changes will occur to those skilled 
in the art. For example, other methods instead of us- 
ing a notch or hollow cylinder may be used to mount 
a photodiode. It is, therefore, to be understood that 
the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit 
of the invention. 



Claims 

1. A tissue diagnostic instrument, comprising: 

a needle having a hollow shaft, a tip on 
one end of said shaft, and a base on the other end 
of said shaft 

an optical fiber positioned within said shaft 
for delivering light of varying wavelengths in a 
predetermined range to a desired region of tissue 
through said tip; and 

a photodetector mounted in said shaft and 
having a light sensitive surface facing outward 
from said shaft for detecting back-scattered light 
from said desired region of tissue. 

2. The instrument of claim 1, wherein said photode- 
tector comprises a photodiode. 

3. The instrument of claim 2, further including a 
monochromatorfor supplying said light of varying 
wavelengths to said fiber. 

4. The instrument of claim 3, further including 
means for scanning said monochromator through 
said predetermined range of wavelengths. 

5. The instrument of claim 4, further including a 
broad-band light source for supplying light to said 
monochromator. 

6. The instrument of claim 5, wherein said light 
source is selected from the group consisting of a 



quartz tungsten-halogen lamp and a xenon arc 
lamp. 

7. The instrument of claim 2, wherein said needle tip 
5 is angled. 

8. The instrument of claim 2, wherein said fiber has 
a polished exit surface. 

10 9. The instrument of claim 8, wherein said exit sur- 
face is situated substantially flush with respect to 
said tip of said needle. 

10. The instrument of claim 2, including means for 
15 monitoring the back-scattered light detected by 

said photodiode and determining the optical ab- 
sorption properties in said region of tissue. 

11. The instrument of claim 10, wherein said shaft 
20 comprises a tip portion including said tip, a base 

portion, including said base, and an optically 
transparent hollow cylinder situated between 
said tip and base portions, said hollow cylinder 
containing said photodiode and at least one ad- 
25 drtional photodiode coupled to said monitoring 
means. 

12. The instrument of claim 11, wherein said hollow 
cylinder has a diameter substantially equal to the 

so diameters of said tip portion and said base por- 

tion. 

13. The instrument of claim 12, wherein said hollow 
cylinder comprises sapphire. 

35 

1 4. An instrument for characterizing a tumor in breast 
tissue, comprising: 

a broad-band light source capable of deliv- 
ering varying wavelengths in a predetermined 
40 range; 

a needle having a hollow shaft, a tip on 
one end of said shaft, and a base on the other end 
of said shaft; 

an optical fiber positioned within said hol- 
45 low needle for delivering light from said light 

source through said tip to a desired region of tis- 
sue; 

a photodiode mounted in said shaft and 
having a light sensitive surface facing outward 
50 from said shaft for detecting back-scattered light 

from said region of tissue; and 

means for monitoring the back-scattered 
light detected by said photodiode and determin- 
ing the spectral characteristics of the back- 
55 scattered light in said region of tissue. 

15. The instrument of claim 14, wherein said broad- 
band light source includes: 
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a tamp selected from the group consisting 
of a quartz tungsten- halogen lamp and a xenon 
arc lamp; 

a monochromator for filtering light from 
said lamp; and 5 

a scanner drive for scanning said mono- 
chromator through a predetermined range of wa- 
velengths. 

16. The instrument of claim 15, wherein said shaft 10 
comprises a tip portion including said tip, a base 
portion, including said base, and a hollow cylin- 
der situated between said tip and base portions, 

said hollow cylinder containing said photodiode 
and at least one additional photodiode coupled to 1 5 
said monitoring means, said hollow cylinder hav- 
ing a diameter substantially equal to the diame- 
ters of said tip portion and said base portion. 

17. A method for characterizing mammographically 20 
abnormal tissue, comprising the steps of: 

inserting into a region of suspected abnor- 
mal tissue a hollow needle comprising a shaft in- 
cluding an optical fiber positioned within said 
shaft and a photodetector mounted in said shaft 25 
having a light sensitive surface facing outward 
from said shaft; 

supplying light of varying wavelengths to 
said fiber; 

detecting back-scattered light from said 30 
tissue region with said photodetector; and 

monitoring the back-scattered light detect- 
ed by said photodetector and determining the 
spectral characteristics of the back-scattered 
light in said region of tissue. 35 

18. The method of claim 17, wherein said tumor tis- 
sue comprises breast tissue, and further includ- 
ing the step of, prior to inserting said needle into 

said region of suspected tumor tissue, compress- 40 
ing said breast tissue. 

19. The method of claim 1 8, wherein said varying wa- 
velengths have a range from selected from the 
group consisting of 340 nm - 700 nm and 700 nm 45 
- 1000 nm. 
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